A. Kuroda, H. Takeshige and K. Asakura (eq. 2) in which G SW and G LW are interfacial tensions between solid and water, and liquid and water. For hydrophobic liquid having low value of G LA and high value of G LW and hydrophilic substrate having high value of G SA and low value of G SW , exposing the film with water changes the sign of S from positive to negative to lead to dewetting.
The first stage of dewetting of thin liquid film is formation of holes by amplification of surface fluctuation. It proceeds following spinodal manner and the mechanism has been experimentally and theoretically investigated (2) (3) (4) (5) (6) (7) (8) (9) (10) . The spinodal dewetting is a barrierless spontaneous instability resulting from the condition where the second derivative of the excess intermolecular free energy per unit area with respect to the local film thickness is negative. Fluctuations in thickness (eq. 3) in which R is growth rate, t is time, q is wave vector of fluctuation, and coordinate x is taken parallel to the surface, are exponentially amplified when q is less than the critical wave vector, q C , above which they decay. In addition, the growth rate of the fluctuation is a function of wave vector, R(q). The holes thus formed by the spinodal dewetting is spatially periodic corresponding to characteristic wave vector, q M , at which R(q) becomes maximum. Here, q C and q M can be represented as:
(eq. 4) in which A is Hamaker constant and g is interfacial tension between the liquid film and upper phase.
The spinodal dewetting is followed by the second stage, i.e., the growth and coalescence of holes to form spatially periodic long cylindrical ridged or droplet patterns (11, 12) . Characteristic length of the dewetting pattern at its completion is thus influenced not only by the thickness of the film and the interfacial tension between the liquid film and upper phase but also by the viscosity of the liquid film.
The dewetting of thin polymer film on solid substrate by treating with water has been investigated (12) (13) (14) (15) (16) . However, adjusting the viscosity of polymer and the interfacial tension between polymer and water to appropriate value for controlling the characteristic length of the dewetting pattern is relatively difficult. Here, we have investigated the dewetting of oleo-liquid film containing octyl p-methoxycinnamate and octylsilyl titanium dioxide particle having average diameter of 35 nm (OSI-TIO2-35) on glass surface. The viscosity and interfacial tension of oleo-liquid film can be easily controlled by changing its composition. We have found that the characteristic length of dewetting structure can be easily controlled not only by changing the thickness of the film but also by differing the content of two components.
Experimental 1 Materials
A volatile silicone, decamethyl cyclopentasiloxane (DMCPSI), was purchased from Shin-Etsu Chemical Co., Ltd. The oil, octyl p-methoxycinnamate (OPMC), was purchased from Hoffman-La Roche Ltd. A water repellent particle, OSI-TIO2-35, was prepared by the chemical modification of titanium dioxide particle (MT-500SA) purchased from TAYCA Corp. whose average particle size was 35nm and specific surface area was 40 m 2 /g To a solution of 10 g of octyltriethoxysilane (Z-6341) purchased from Dow Corning Toray Co., Ltd. and 300 g of 2-propanol, 100 g of the titanium dioxide particle were dispersed using beads mill and the solvent was evaporated at 70 to obtain OSI-TIO2-35.
Preparation of the Liquid Film and
Treating the Film with Water The suspension of OSI-TIO2-35 in DMCPSI was mixed with OPMC and the mixture was diluted with DMCPSI. The content of DMCPSI in the mixture was 97% in all experiments. The suspension was dropped and extended on the glass plate and the plate was placed in an oven at 60 for 1 h to let DMCPSI to be evaporated. In this process, OPMC was scarcely removed. The ratio of OSI-TIO2-35 to OPMC of the liquid film was varied from 8:2 to 2:8 and the film thickness was from 0.050 to 0.200 mg/cm 2 . The plate on which the liquid film was formed was immersed in water at 35 for 10 min. The plate thus picked up from the water was dried in an oven at 60 for 10 min. 
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water treatment was observed by field emission scanning electron microscope (FE-SEM). Dewetting structure was often formed after the water treatment and the one example is shown in Fig. 1 (a) . Two-dimensional fast Fourier transform (2D-FFT) of the FE-SEM image was performed on a Macintosh computer using the public domain NIH Image program ver. 4.1 (developed at the U.S. National Institutes of Health and available on the Internet at http://rsb.info.nih.gov/nih-image/) to obtain power spectrum as shown in Fig. 1 (b) . The resolution of the FE-SEM image is 1.00 10 -4 cm pixel -1 in this case. Wave vector of the power spectrum is thus represented as the integer multiples of 39.1 cm -1 ( = 1 / (1.00 10 -4 cm pixel -1 256 pixel) ). Relative intensity of the power spectrum was plotted against the number of pixels that is proportional to the wave vector as shown in Fig. 1 (c) to analyze the spatial periodicity of the dewetting. In this case, characteristic length of the dewetting structure is calculated to be 23.3 mm ( = 1 / (11 pixel 39.1 cm -1 pixel -1 ) ). water treatment. No apparent change in dewetting structure was observed by increasing the time for immersing the sample in water. This indicates that the both first and second stages of dewetting have almost been completed by the 10 min water treatment at 35 . The thickness of the liquid film was 0.050, 0.100, and 0.200 mg/cm 2 for Fig. 2, 3, and 4 , respectively. Both thickness and composition of the liquid film influenced on the dewetting. In the case of the film thickness 0.050 and 0.100 mg/cm 2 , dewetting occurred except for the case where the ratio of OSI-TIO2-35 to OPMC was 8:2. When the film thickness was 0.200 mg/cm 2 , the content of OPMC should be equal or more than 50% for dewetting to occur. The hydrophobicity of the liquid film increases as increasing the content of OSI-TIO2-35. Dewetting should thus proceed in all cases with respect to the spreading coefficient. Higher viscosity of the liquid film consisting higher content of OSI-TIO2-35 may prevent the dewetting in those cases. The dewetting patterns thus formed were divided into two categories, i.e., long cylindrical ridged patterns and droplet patterns. Droplet patterns tended to be formed as increasing the content of OPMC. Viscosity of the liquid decreases as increasing the content of OPMC. The second stage of dewetting, coalescence of holes, is enhanced as decreasing the viscosity of the liquid. The same droplet patterns were observed in the dewetting of polystyrene films when anneled above the glass transi- 
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tion temperature (11) . In this case, higher annealing temperature let the viscosity of polystyrene to decrease to enhance the formation of droplet patterns. Relatively low viscosity of the film containing high content of OPMC enhanced the coalescence of holes to form the droplet patterns.
2 Spatial Periodicity of the Dewetting Patterns
Characteristic length of the long cylindrical ridged dewetting pattern could be determined by 2D-FFT power spectrum. This indicates that the first stage of the dewetting of the liquid films is spinodal dewetting, i.e., formation of holes by amplification of surface fluctuation. The mechanism of the spinodal dewetting is analogous to that of the phase separation by spinodal decomposition (17) (18) (19) . Fluctuation in film thickness for the spinodal dewetting corresponds to fluctuation in concentration for the spinodal decomposition (19) . Formation of spatially periodic holes corresponds to the fastest growing fluctuation was followed by the coalescence of holes to complete the dewetting.
Wave vector of the fastest growing fluctuation q M , is theoretically in inverse proportion to square root of interfacial tension (4, 9) . The characteristic length of the fastest growing fluctuation should thus increase as increasing the interfacial tension. In this case, interfacial tension between the liquid and water increases as increasing the content of OSI-TIO2-35. The characteristic length of the dewetting structure, however, decreased as increasing the content of OSI-TIO2-35 as shown in Fig. 5 . The inconsistency between the theory and the experimental results can be explained by the fact that the second stage of dewetting, the growth and coalescence of holes, enhances as decreasing the viscosity of the liquid. The liquid containing higher content of OPMC has lower viscosity. Large characteristic length of the dewetting pattern observed in the case of the higher content of OPMC may be due to the enhancement of the growth and coalescence of holes.
The characteristic length is also influenced by the film thickness. As shown in Fig. 6 , the characteristic length increased as increasing the film thickness. Wave vector of the fastest growing fluctuation q M , is theoretically in inverse proportion to the square of film thickness (4, 9) . The characteristic length of the fastest growing fluctuation should thus increase as increasing the film thickness. In this case, the relation between the film thickness and the characteristic length of the dewetting structure is well consistent with the theory.
Conclusion
Dewetting of thin film on the solid substrate and the method to control the characteristic length of the dewet- Experiments were carried out for three times for each condition.
ting structure have been extensively studied (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
Here, we have investigated the dewetting of oleo-liquid film containing octyl p-methoxycinnamate and octylsilyl titanium dioxide particle having average diameter of 35 nm on glass surface. The spatial periodicity of the dewetting pattern of the oleo-liquid film was found to be controlled by adjusting the film thickness and the composition. We recently found that the surface on which the spatially periodic dewetting patterns are formed shows strong water-repellent property (20, 21) . Our very simple techniques to control the spatial periodicity of the dewetting structure may be commercially available for those surface treatments.
